Abstract Pirfenidone (Esbriet Ò ) is available as capsules containing 267 mg of pirfenidone and, more recently, as bioequivalent tablets containing 267, 534 or 801 mg of pirfenidone. Both formulations are indicated to treat idiopathic pulmonary fibrosis (IPF), with pirfenidone being shown to generally reduce the rate of decline in forced vital capacity in patients with mild to moderate IPF, while prolonging progression-free survival and reducing the risk of IPF-related and all-cause mortality. The availability of the tablet formulation reduces the daily pill burden of pirfenidone, as the recommended daily divided maintenance dose of 2403 mg/day may be administered as one 801 mg tablet three times daily instead of three 267 mg capsules three times daily. Pirfenidone is associated with gastrointestinal and skin-related events, with such events generally being manageable.
Idiopathic pulmonary fibrosis (IPF), a highly heterogeneous chronic, fibrosing type of interstitial pneumonia, is characterized by a progressive loss of lung function, potentially leading to acute respiratory decline and death [1] [2] [3] . Pirfenidone (Esbriet Ò ), a synthetic pyridone compound, inhibits the progression of fibrosis and loss of lung function in patients with IPF via its antifibrotic, anti-inflammatory and antioxidant properties (mechanism of action is not fully established) [4] [5] [6] . In animal models of pulmonary fibrosis, pirfenidone reduced production of profibrotic and proinflammatory cytokines, such as transforming growth factor-b1 and lung basic fibroblast growth factor, and suppressed both decreases in interferon-c and elevations in interleukin (IL)-1b, IL-6, IL-12p40, tumour necrosis factor-a and monocyte chemoattractant protein-1 [7] . The antifibrotic properties of pirfenidone appear to involve inhibition of collagen fibril formation, as shown by a recent in vitro study in primary human fibroblasts from patients with IPF and healthy donors [8] .
Pirfenidone is available as capsules containing 267 mg of pirfenidone and, more recently, as tablets containing 267, 534 or 801 mg of pirfenidone [4, 5] . The availability of the tablet formulation reduces the daily pill burden of pirfenidone, as the recommended daily divided maintenance dose of 2403 mg/day may be administered as one 801 mg tablet three times daily instead of three 267 mg capsules three times daily. The reduction in pill burden has the potential to improve adherence to pirfenidone therapy [9] .
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Is the tablet formulation bioequivalent to the capsule formulation?
A single tablet containing 801 mg of pirfenidone is bioequivalent to three capsules containing 267 mg (i.e. a total of 801 mg) of pirfenidone [9] . In a randomized, four-treatment period, four-sequence cross-over study, 44 healthy volunteers received 801 mg of pirfenidone as an 801 mg tablet and as three 267 mg capsules in both the fasted and fed (after a highfat meal) state [9] . Between-formulation differences in exposure to pirfenidone as measured by the peak plasma concentration (C max ), area under the plasma concentration versus time curve (AUC) from time 0 to the time of the last quantifiable concentration (AUC 0-t ) and AUC from time 0 to infinity (AUC 0-? ) were used to determine pharmacokinetic bioequivalence; bioequivalence was established if the 90% confidence interval (CI) for the geometric least-squares mean (GLSM) ratio between the two formulations was within the limit of 80.00-125.00% (standard bioequivalence criteria) [9] . Under fasted conditions, the tablet formulation met all three bioequivalence criteria for pirfenidone exposure, with GLSM ratios of 101.26% (90% CI 94.41-108.60) for C max , 99.63% (90% CI 96.66-102.69) for AUC 0-t and 99.61% (90% CI 96.64-102.68) for AUC 0-? [9] . Under fed conditions, the tablet formulation met the bioequivalence criteria for AUC 0-t (103.06%; 90% CI 99.55-106.69) and AUC 0-? (103.05%; 90% CI 99.54-106.69), but slightly exceeded the upper bound of the 90% confidence interval for the C max criterion (116.61%; 90% CI 108.26-125.60) by 0.6%. The median time to C max (t max ) was shorter with the tablet formulation than with the capsule formulation [2.05 (range 0.50-6.00) vs 3.00 (range 1.0-6.00) h] [9] .
Food reduced exposure to both pirfenidone formulations [9] . As the high-fat diet consumed by volunteers in the 'fed' part of the study represents extreme dietary conditions, the differences in C max between the two formulations were not expected to be clinically meaningful in the real-world setting where patients with IPF would likely have a more moderate diet [9] . Importantly, both formulations of pirfenidone should be taken with food to improve tolerability (Table 1) . Treatment-emergent adverse events (TEAEs) were more commonly reported when pirfenidone was taken in the fasting state (36.4 and 31.8% of subjects when taking the tablet and capsule formulations, respectively) than in the fed state (15.9 and 2.3%) [9] . A relationship between drug exposure and the occurrence of TEAEs was not apparent in this study [9] .
For whom are pirfenidone tablets indicated?
Pirfenidone tablets are indicated for the treatment of adults with mild to moderate IPF in the EU [4] and IPF in the USA [5] . Table 1 provides a summary of the EU prescribing information for pirfenidone tablets [4] . Local prescribing information should be consulted for further details.
What potential drug interactions may occur with pirfenidone?
Pirfenidone is predominantly (70-80%) metabolized by cytochrome P450 (CYP) 1A2 (with minor contributions from CYP2C9, CYP2C19, CYP2D6 and CYP2E1) [4] . As a result, clinically significant drug interactions may potentially occur between pirfenidone and CYP1A2 inhibitors/inducers, and the following precautions should be taken.
Interactions between pirfenidone and CYP1A2 inhibitors [4] • Do not use fluvoxamine concomitantly (contraindicated as exposure to pirfenidone is increased) • Avoid the concomitant use of strong and selective CYP1A2 inhibitors (e.g. enoxacin) • Use moderate CYP1A2 inhibitors (e.g. ciprofloxacin, amiodarone, propafenone) with caution (a decrease in pirfenidone dosage may be required) • Avoid the concomitant use of agents that inhibit both CYP1A2 and C 1 other CYP enzyme involved in the metabolism of pirfenidone • Take special care when CYP1A2 inhibitors are used in combination with potent inhibitors of C 1 other CYP enzymes involved in pirfenidone metabolism, including CYP2C9 (e.g. fluconazole), CYP2C19 (e.g. chloramphenicol) and CYP2D6 (e.g. fluoxetine) • Avoid consumption of grapefruit juice.
Interactions between pirfenidone and CYP1A2 inducers [4] • Avoid the concomitant use of strong CYP1A2 inducers, including smoking (exposure to pirfenidone is decreased) • Use of moderate CYP1A2 inducers (e.g. omeprazole)
may decrease plasma concentrations of pirfenidone • Avoid agents (e.g. rifampicin) that potently induce both CYP1A2 and other CYP enzymes involved in the metabolism of pirfenidone.
What is the clinical efficacy of pirfenidone?
Clinical trials
As the tablet formulation of pirfenidone is bioequivalent to the capsule formulation [9] , clinical trials of the tablet formulation were not necessary for regulatory approval.
The following efficacy and tolerability data refer to studies of the pirfenidone capsules. Pirfenidone at the target dosage of 2403 mg/day generally provided beneficial effects on predicted forced vital capacity (FVC) in randomized, placebo-controlled phase 3 trials in adults with mild to moderate IPF [10] [11] [12] [13] . The 52-week ASCEND trial [10] and 72-week CAPACITY 004 and 006 trials [11] included patients aged 40-80 years with a predicted FVC of 50-90% [10] or C 50 [11] , a predicted carbon monoxide diffusing capacity (DL CO ) of 30-90% [10] or C 35 [11] , a 6-min walk distance (6MWD) of C 150 m [10, 11] , and either a predicted FVC or DL CO of B 90% [11] . The dosage of pirfenidone was titrated over 2 weeks to 2403 mg/day in three equally divided daily doses.
In ASCEND [10] , pirfenidone was significantly (p \ 0.001) favoured over placebo with regard to the percentage decline in predicted FVC over 52 weeks (primary endpoint), the proportion of patients with the composite endpoint of C 10% decline in predicted FVC or death (16.5 Breast-feeding women Consider either stopping breast-feeding or discontinuing pirfenidone GI gastrointestinal, ULN upper limit of normal, : increase(d)/escalation, ; decrease(d) vs 31.8%; relative change -47.9%) and the proportion of patients with no decline in percentage predicted FVC (22.7 vs 9.7%; relative change ?132.5%) [10] .
Pirfenidone significantly (p \ 0.01) reduced the mean percentage decline in predicted FVC over 72 weeks relative to placebo (primary endpoint) in the pooled CAPA-CITY 004/006 analysis (-8.5 vs -11.0%) and CAPACITY 004 (-8.0 vs -12.4%), but not in CAPA-CITY 006 (-9.0 vs -9.6%) [11] . The proportion of patients with a categorical change in predicted FVC of C 10% was also significantly (p \ 0.01) smaller with pirfenidone than placebo in the pooled CAPACITY analysis (21 vs 31%) and CAPACITY 004 (20 vs 35%), but not in study 006 (23 vs 27%) [11] .
Pirfenidone 2403 mg/day provided treatment benefits with regard to multiple measures of IPF disease status in a prespecified pooled analysis of CAPACITY and ASCEND [14] . The mean decline in FVC from baseline over 1 year was significantly smaller with pirfenidone than placebo [-216 vs -363 mL; p \ 0.001; relative difference (RD) 40.7%]. The favourable effects of pirfenidone over placebo with regard to FVC outcomes were seen at each time point from 3 months onwards, and remained generally consistent over 1 year across patient subgroups defined by baseline demographics and disease status. Other treatment benefits for pirfenidone versus placebo over 1 year included a 38% reduction in the risks of death or disease progression, and the proportions of patients who achieved the clinically meaningful composite endpoints of [14] :
• a C 10% decline in predicted FVC or death [15 vs 27% The risk of three of these mortality outcomes (treatment-emergent all-cause, IPF-related and treatmentemergent IPF-related mortality) were also reduced at 120 weeks (HR 0.47-0.61; all p \ 0.05) [15] . Moreover, in a pooled analysis of hospitalization data in CAPACITY and ASCEND, the risk of non-elective respiratory-related hospitalization over the course of 1 year was significantly lower with pirfenidone than with placebo [7 vs 12% of patients; HR 0.52 (95% CI 0.36-0.77); p = 0.001] [16] .
Continued treatment with pirfenidone provided clinical benefits in patients who had clinically meaningful declines in FVC during earlier treatment [17] . In the pooled CAPACITY and ASCEND trials, 34 pirfenidone and 68 placebo recipients had a C 10% absolute decline in FVC between baseline and month 6 [17] . In these patients during the next 6-month treatment period, fewer patients who continued to receive pirfenidone than continued to receive placebo experienced a second C 10% decline in FVC or death (5.9 vs 27.9%; RD -78.9%; p = 0.0009). This suggests that continued treatment with pirfenidone may be beneficial even in those patients who displayed disease progression during early treatment [17] .
The beneficial effects of pirfenidone versus placebo were generally maintained for up to 72 weeks of treatment, with pirfenidone significantly reducing the risks of the composite endpoints of a C 10% decline in predicted FVC or death, death or disease progression, C 50 m decline in 6MWD or death, and worsening dyspnoea or death (risk reduced by 52, 38, 34 and 25%, respectively; all p \ 0.01) [14] .
Patients with IPF who completed one of the CAPACITY or ASCEND trials could enrol in an open-label extension study (RECAP); 79.3% (1058/1334) of eligible patients entered this safety study [18] . The dosage of pirfenidone was titrated over 15 days to 2403 mg/day (or the highest tolerated dose of B 2403 mg/day) in three equally divided daily doses in all patients (regardless of whether they had been previously receiving pirfenidone or placebo in CAPACITY or ASCEND), with a mean daily dosage in RECAP of 2091 mg/day [18] . In patients who were entered RECAP from CAPACITY 004/006, the following FVCrelated and survival outcomes at 180 weeks were consistent with those previously observed [18] :
• Slow decrease in FVC over the 180-week period (annualized rate of FVC decline 144.3 mL); • Mean change in percentage predicted FVC of -9.6% from RECAP baseline to 180 weeks; • Median duration of on-treatment survival of 77.2 months (6.4 years) from the first dose of pirfenidone 2403 mg/day in RECAP.
Real-world studies
The efficacy of pirfenidone in stabilizing lung function or reducing the decline of predicted FVC in the clinical practice setting was generally consistent with that in clinical trials [19] [20] [21] [22] . For example, in the largest (n [ 100) of the multicentre observational studies in patients with IPF, the following results were reported:
• Study in Germany and Italy (n = 197) [21] Pirfenidone provided significant improvements with regards to the annual decline from baseline in FVC, total lung capacity, DL CO and oxygenation relative to the pretreatment year; patients who were stable remained stable, whereas those with progressive disease generally showed substantial improvements.
• Study in Italy (n = 128) [22] The rate of annual decline in percentage FVC over 1 year decreased in pirfenidone recipients, with more pronounced effects in patients with moderate to severe disease.
What is the tolerability profile of pirfenidone?
Pirfenidone has a manageable tolerability profile in patients with IPF [10, 11, 14, 18, [20] [21] [22] [23] [24] . This section focuses on the rates of TEAEs in the pooled CAPACITY and ASCEND phase 3 trials, in which the median duration of exposure was 1.0 years (range [ 0 to 2.3 years) in both the pooled pirfenidone (n = 623) and placebo (n = 624) groups [14] , and in an integrated analysis of safety data in 1299 pirfenidone recipients in five studies (CAPACITY, ASCEND and two open-label studies), in which the median exposure to pirfenidone was 1.7 years (range [ 0 to 9.9 years) [23] . Both analyses are descriptive in nature. Over 1 year of treatment, treatment-emergent adverse events (TEAEs) were reported in 98.7 and 96.5% of pirfenidone and placebo recipients, with serious TEAEs in 20.5 and 22.3% of patients in the corresponding groups, and TEAEs that led to early treatment discontinuation in 11.9 and 8.7%. Over the longer-term in the integrated analysis, TEAEs were reported in 97.6% of pirfenidone recipients, serious TEAEs in 49.2% (most commonly IPF in 17.5% of patients and pneumonia in 7.9%), and TEAEs led to early treatment discontinuation in 38.1% (most commonly IPF in 11.5% of patients) [23] . When adjusted for patient exposure, the rates of overall and serious TEAEs were comparable across the pirfenidone and placebo groups over 1 year and the pirfenidone group over the longer-term [41.7, 44.2 and 49.8 serious TEAEs per 100 person-exposure years (PEY), respectively] [23] . Corresponding rates of treatment-emergent death were 3.7, 5.9 and 7.4 per 100 PEY [23] .
The incidences of respiratory events (with the exception of IPF, which favoured active treatment) were generally comparable in the placebo and pirfenidone groups in the pooled phase 3 trials (Fig. 1) [14] . As expected given its longer observation period, as well as the chronic, progressive nature of IPF, the rates of respiratory events in pirfenidone recipients in the integrated analysis [23] were higher than those in the pooled phase 3 trials [14] .
The following adverse events may occur with pirfenidone and are of special interest. To ameliorate their risk and/or minimize their impact, it may be necessary to adjust the dosage of pirfenidone, interrupt or discontinue treatment, monitor patients and/or take other measures (Table 1 ).
• Gastrointestinal disorders Nausea, diarrhoea, dyspepsia, vomiting and gastro-oesophageal reflux disease were more common with pirfenidone than with placebo over 1 year (Fig. 1) , with most events being of mild-tomoderate severity and rarely leading to treatment discontinuation [14] . Where reported, the rates of events with longer-term treatment were generally consistent with those with 1-year treatment (Fig. 1) , suggesting the risks of these events does not increase over time [23] .
• Weight loss and anorexia Both were more common with pirfenidone than with placebo over 1 year (Fig. 1 ) [14] , with an increase in weight loss over the longerterm ( Fig. 1) [23].
• Rash More common with pirfenidone than with placebo over 1 year (Fig. 1 ) [14] , generally mild to moderate in severity and seldom resulted in treatment discontinuation [14] ; incidence with longer-term treatment is comparable (Fig. 1) [23].
• Dizziness and fatigue More common with pirfenidone than with placebo over 1 year (Fig. 1) [14] ; slight increase over the longer term (Fig. 1) [23].
• Liver function abnormalities Aminotransferase elevations of C 39 the upper limit of normal (ULN) were more common with pirfenidone than with placebo (3.2 and 0.6% of patients; one pirfenidone recipient also experienced a [ 29 ULN increase in serum total bilirubin) over 1 year [14] ; no evidence of an increased risk of liver function abnormalities over the longer-term (3.1% of patients had ALT or AST elevations of [ 39 ULN; generally transient, reversible with dosage adjustment, and not associated with any clinically relevant effects) [23] .
• Angioedema Reported in the post-marketing setting and may be serious [4] ; the use of pirfenidone in patients who have a history of or who develop pirfenidonerelated angioedema is contraindicated ( Table 1 ).
The safety profile of pirfenidone in patients aged [ 80 years was generally consistent with that in the overall population of patients with IPF, according to pooled data from the open-label extension study [18] and real-world data from the EU and USA [25] . Among the 370 pirfenidone recipients aged [ 80 years, TEAEs, mostly mild or moderate in severity, were reported in 74.1% of patients, serious TEAEs in 4.1% and TEAEs led to treatment discontinuation in 25.9% (33.4 per 100 PEY) [25] .
What is the current clinical positioning of pirfenidone?
Pirfenidone reduces the rate of decline in predicted FVC, improves other clinically meaningful outcomes and has a manageable tolerability profile in patients with IPF. It is, therefore, a valuable option for the treatment of this severe and very challenging to treat lung disease [1] [2] [3] [26] [27] [28] . The recent development of bioequivalent tablet formulation of pirfenidone reduces the daily pill burden associated with its capsule formulation; the recommended daily pirfenidone maintenance dosage of 2403 mg/day may be administered as one 801 mg tablet three times daily, instead of three 267 mg capsules three times daily. In theory, the reduction in pill burden should help improve adherence to pirfenidone treatment; however, adherence studies have yet to be conducted.
Based on the evidence of their overall favourable effectiveness and tolerability profiles in randomized, clinical trials, three-times-daily pirfenidone and twice-daily nintedanib (a multi-target tyrosine kinase inhibitor) are recommended to treat IPF according to the most recent international guidelines (conditional recommendation for both based on moderate confidence in effect estimates); the use of antacid therapy is also conditionally recommended; however, the quality of evidence supporting its use is very low [1] . Recent (2017) Nordic [26] , Spanish [27] and French [28] guidelines also recommend pirfenidone and nintedanib as first-line options for the treatment of mild to moderate IPF (Fig. 2) .
IPF should be treated as soon as the diagnosis is established, with the choice of first-line treatment (i.e. pirfenidone or nintedanib) being individualized, taking into account the expected benefits and risks of treatment [26] [27] [28] Respiratory events
Gastrointestinal events
Other events Fig. 1 Tolerability of oral pirfenidone 2403 mg/day in adults with IPF. Most common (reported in C 10% of patients in either treatment group in the pooled phase 3 trials) treatment-emergent adverse events at 1 year in a pooled analysis of three phase 3 trials [14] and at 1.7 years in an integrated analysis of five trials [23] . GORD gastrooesophageal reflux disease, IPF idiopathic pulmonary fibrosis, URTI upper respiratory tract infection pharmacological profiles of the drug, and the characteristics of the patient (e.g. presence of comorbidities and use of concomitant drugs) should be considered (Fig. 2 ) [26] [27] [28] . For example, clinically relevant drug interactions may potentially occur between pirfenidone and CYP1A2 inhibitors and inducers (concomitant use of fluvoxamine is contraindicated, and the use of tobacco is strongly discouraged), and between nintedanib and P-glycoprotein inhibitors and inducers [26] [27] [28] . The use of pirfenidone is contraindicated in patients with severe hepatic or renal failure, whereas the use of nintedanib is contraindicated in patients with hypersensitivity to soy or peanuts or severe hepatic insufficiency, and should be avoided or used with caution in patients receiving anticoagulant treatment or high-dose antiplatelet therapy, and those with ischaemic heart disease, cerebrovascular stroke, abdominal surgery (\ 4 weeks) or other risks of haemorrhage [26] [27] [28] . As IPF is a highly heterogenous condition with a varied clinical course, it is important that treatment is continued even when disease stabilization or progression occurs (Fig. 2 ) [3, [26] [27] [28] . Head-to-head clinical, adherence and pharmacoeconomic studies would help clarify the relative position of the available IPF therapies.
